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1
LONG-RANGE MOTION DETECTION FOR
ILLUMINATION CONTROL

BACKGROUND

1. Technical Field

The present disclosure generally relates to the field of
illumination devices and, more particularly, to using motion
detection to control the illumination level of illumination
devices.

2. Description of the Related Art

Energy conservation through the efficient usage of energy
has become an important topic in recent years. Efficient
usage of energy can result in a multitude of benefits,
including financial benefits such as cost savings and envi-
ronmental benefits such as preservation of natural resources
and the environment. In the context of light systems, effi-
cient energy usage by a lighting system is perhaps most
effectively accomplished by reducing the illumination level
when a high illumination level is not needed. This can be
achieved manually by a user of the lighting system or, more
conveniently, by some sort of automatic control mechanism
that adjust the illumination level according to changes in
certain environmental characteristics.

One conventional approach to automatic control of illu-
mination level of lighting systems is to use a passive infrared
(PIR) sensor to detect the presence of a human, indicative of
the need of lighting. For example, the PIR sensor can be
used to provide full power to a lamp when heat emitted by
a human body is detected. PIR sensors, however, are not an
ideal solution. This is because PIR sensors generally have a
very short sensing range with a maximum sensing range of
10 meters typically. Many light poles are 10 meters tall, yet
a PIR sensor in a lamp installed on top of a light pole needs
to have a detection range much longer than the pole height
in order to detect the presence of a person or a heat-emitting
object at the periphery of the lighting area. Otherwise, the
benefit of using a PIR sensor to automatically control the
illumination level under such circumstances would likely be
diminished. In addition, PIR sensors require a substantial
difference between body temperature and the background
ambient temperature for optimal sensitivity. Accordingly, at
ambient temperatures approaching the normal temperature
of a human body, PIR sensors tend to exhibit reduced
sensitivity and thus effectively have a shortened detection
range. Furthermore, PIR sensors typically cannot detect
objects that are at ambient temperature, such as a door
opening for example, although such an event usually indi-
cates the approach of a person and is desirable to detect.

BRIEF SUMMARY

An illumination system may be summarized as including
a light source operable to provide at least two levels of
illumination; a two-dimensional non-Passive Infrared (non-
PIR) imager operable to image an area and to produce image
data representative of the images across at least part of a
visible portion of an electromagnetic spectrum; and a con-
troller communicatively coupled to receive the image data
from the non-PIR imager, the controller configured to pro-
cess the received image data to detect at least one ambient
environmental characteristic of the area in the part of the
visible portion of the electromagnetic spectrum where the
ambient environmental characteristic is indicative of a pres-
ence or imminent presence of a body in the area, and the
controller coupled to control operation of the light source
based on at least in part detection of the ambient character-
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2

istic of the environment. The controller may be configured
to adjust the level of illumination provide by the light source
based on at least in part the detection of the ambient
environmental characteristic that is indicative of a presence
or imminent presence of a body in the area. The controller
may be configured to cause the light source device to
provide illumination at a first illumination level when the
image data indicates no motion detected and to provide
illumination at a second illumination level when the image
data is indicative of motion, the second illumination level
greater than the first illumination level. The non-PIR imager
may capture a first image of the area at a first time and may
capture a second image of the area at a second time, after the
first time, each of the first and the second images having a
respective plurality of pixels, and wherein the controller
compares the image data representative of the first and the
second images to detect an appearance or a change between
the first and the second images. The controller may adjust an
illumination level of the light source from a first illumination
level to a second illumination level, that is different from the
first illumination level, when the image data representative
of the first image and the image data representative of the
second image differ by more than a threshold amount. The
controller may adjust an illumination level of the light
source from a first illumination level to a second illumina-
tion level, that is different from the first illumination level,
when the image data representative of the first image and the
image data representative of the second image differ by more
than a threshold amount and when a quantity of the pixels
that have changed and that are within a threshold distance
from one another is greater than a threshold quantity.

The illumination system may further include a photosen-
sor coupled to provide a signal to the controller indicative of
a level ambient light sensed by the photosensor, wherein the
controller is configured to adjust the illumination level of the
light source based on the level of ambient light level sensed
by the photosensor.

The illumination system may further include a clock that
provides a clock signal indicative of a time to the controller,
wherein the controller causes adjusts the level of illumina-
tion from the light source in response to the clock signal. The
controller may be further configured to vary a gain setting of
the non-PIR imager in response to a signal indicative of a
level of ambient brightness. The controller may be config-
ured to deduct the level of illumination provide by the light
source from a detected level of ambient brightness and
adjust the illumination level provided by the light source in
response to the deduction. The controller may adjust the
level of illumination from the light source a defined delay
period after detecting the ambient environmental character-
istic. The at least one ambient environment characteristic
may be indicative of a motion in the area. The control device
may include at least one of a switch, a potentiometer, an
optical sensor, or an input port communicatively coupled to
program the controller. The controller may be program-
mable via an image of a machine-readable symbol imaged
by the non-PIR imager. The controller may be configured to
adjust the level of illumination level from the light source at
a rate at which a level of ambient light is changing.

The illumination system may further include a commu-
nication device coupled to the non-PIR imager to receive the
image data and operable to transmit the image data using at
least one of an Ethernet protocol, an RS-485 protocol, or a
wireless communication protocol. The non-PIR imager may
include at least one of a solid-state camera, a video camera,
or a digital still camera and the light source, non-PIR imager
and controller are part of a light fixture that is mountable to
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an indoor or outdoor structure. An area illuminated by the
illumination device may be at least approximately coinci-
dent with the area imaged by the non-PIR imager.

A method of controlling a light source may be summa-
rized as including imaging an area with a non-Passive
Infrared (non-PIR) imager to produce image data represen-
tative of at least part of a visible portion of an electromag-
netic spectrum; processing by a processor the image data
from the non-PIR imager to detect at least one ambient
environmental characteristic of the area that is indicative of
a movement in the area; and in response to the detection,
adjusting a level of illumination provided to the area from an
light source. Imaging an area with an non-PIR imager may
include recording data representative of a first image of at
least a portion of the area at a first time and recording data
representative of a second image of at least the portion of the
area at a second time after the first moment in time, wherein
processing by a processor the image data to detect at least
one ambient environmental characteristic of the area
includes comparing the data representative of the first image
and the data representative of the second image to detect the
movement in the area; and wherein adjusting a level of
illumination provided to the area from an light source
includes illuminating the area at a first illumination level and
then illuminating the area at a second illumination level
different from the first illumination level. Comparing the
data representative of the first image and the data represen-
tative of the second image to detect the movement in the area
may include determining whether or not at least a threshold
number of pixels in the first and the second images have
changed by at least a threshold amount in at least one aspect
from the first image to the second image and whether or not
each of the pixels that have changed by at least the threshold
amount is within a threshold distance from one another.
Imaging an area with an non-PIR imager may include
receiving data representative of pixels of a first image of the
area at a first time and receiving data representative of pixels
of'a second image of the area at a second time after the first
time, wherein processing by a processor the image data to
detect at least one ambient environmental characteristic of
the area includes comparing the data representative of the
pixels of the first image with the data representative of the
pixels of the second image to identify pixels that have
changed in at least one aspect by more than a threshold
amount between the first and the second images, determin-
ing a quantity of the pixels that have changed by more than
the threshold amount and are within a threshold distance
from other pixels that have changed by more than the
threshold amount, and generating a first signal indicative of
the detection of movement if the quantity of the changed
pixels is greater than a threshold quantity.

The method may further include determining whether a
present time is during a period of daylight hours; and
terminating illumination of the area by the light source when
the present time is determined to be during the period of
daylight hours.

The method may further include determining a level of
ambient light in the area; illuminating the area at a first level
of illumination in response to both the determined level of
ambient light in the area being below an ambient light
threshold and no movement being detected; illuminating the
area at a second level of illumination in response to both the
determined ambient light level in the area being below the
ambient light threshold and movement being detected; and
terminating illumination of the area by the light source in
response to the determined ambient light level being at least
equal to the ambient light threshold. Determining a level of
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ambient light in the area may include sensing a total level of
light in the area; and deducting a current level of illumina-
tion being provided by the light source from the sensed total
level of light in the area.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a diagram showing an illumination system
according to one non-limiting illustrated embodiment.

FIG. 2A is a flow chart showing a process of controlling
a light source according to one non-limiting illustrated
embodiment.

FIG. 2B is a flow chart showing a process of controlling
a light source according to another non-limiting illustrated
embodiment.

FIG. 2C is a flow chart showing a process of controlling
a light source according to yet another non-limiting illus-
trated embodiment.

In the drawings, identical reference numbers identify
similar elements or acts. The sizes and relative positions of
elements in the drawings are not necessarily drawn to scale.
For example, the shapes of various elements and angles are
not drawn to scale, and some of these elements are arbi-
trarily enlarged and positioned to improve drawing legibil-
ity. Further, the particular shapes of the elements as drawn,
are not intended to convey any information regarding the
actual shape of the particular elements, and have been solely
selected for ease of recognition in the drawings.

DETAILED DESCRIPTION

In the following description, certain specific details are set
forth in order to provide a thorough understanding of various
disclosed embodiments. However, one skilled in the relevant
art will recognize that embodiments may be practiced with-
out one or more of these specific details, or with other
methods, components, materials, etc. In other instances,
well-known structures associated with luminaires and imag-
ing devices have not been shown or described in detail to
avoid unnecessarily obscuring descriptions of the embodi-
ments.

Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise”
and variations thereof, such as, “comprises” and “compris-
ing” are to be construed in an open, inclusive sense that is
as “including, but not limited to.”

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus,
the appearances of the phrases “in one embodiment” or “in
an embodiment” in various places throughout this specifi-
cation are not necessarily all referring to the same embodi-
ment. Further more, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments.

The headings and Abstract of the Disclosure provided
herein are for convenience only and do not interpret the
scope or meaning of the embodiments.

FIG. 1 illustrates an illumination system 100 according to
one non-limiting illustrated embodiment. The illumination
system 100 includes a light source 110, a non-Passive
Infrared (non-PIR) imager 120 and a controller 130. The
light source 110 illuminates when electric power is provided
to the light source 110 and the illumination level of the light
source 110 may be adjusted by adjusting the electric power
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provided. The light source 110 is capable of providing at
least two levels of illumination, e.g., a low level of illumi-
nation and a high level of illumination, when powered to
illuminate. The light source 110 may include any type of
light emitter, including incandescent lamp, fluorescent lamp,
arc lamp, gas-discharge lamp and solid-state light emitter,
such as light-emitting diode. When powered, the light source
110 provides illumination to an area at, below, above or
adjacent where the illumination system 100 is located
depending on whether and how light emitted by the light
source 110 is directed.

The non-PIR imager 120 is a two-dimensional imager that
images an area to produce data representative of two-
dimensional images across at least part of a visible portion
of an electromagnetic spectrum. That is, the non-PIR imager
120 captures images in the visible range of the electromag-
netic spectrum, which is different from the infrared range of
the electromagnetic spectrum. In one embodiment, the non-
PIR imager 120 is a digital image sensor that converts an
optical image to electrical signals that may be stored as
digital data representative of a plurality of pixels of the
image. In one embodiment, the non-PIR imager 120 is a
camera such as, for example, a solid-state camera, digital
still camera, or video camera, analog video camera coupled
to a frame grabber. The gain setting of the non-PIR imager
120 is adjustable. For example, when the ambient light level
is low the non-PIR imager 120 has a high gain setting and
when the ambient light level is high the non-PIR imager 120
has a low gain setting. Accordingly, the ambient light level
may be determined based on the gain setting of the non-PIR
imager 120. The non-PIR imager 120 includes a lens in one
embodiment.

The controller 130 is communicatively coupled to receive
image data from the non-PIR imager 120 to control opera-
tions of the light source 110 based on the image data. In
particular, the controller 130 processes the received image
data to detect at least one ambient environmental character-
istic of the area in the part of the visible portion of the
electromagnetic spectrum where the ambient environmental
characteristic indicates the presence or imminent presence of
a body in the area, such as movement or motion by a human
or an object, for example. The controller 130 controls
operations of the light source 110, including activation,
deactivation and adjustment of the illumination level of the
light source 110, based on, at least in part, the detection of
the ambient environmental characteristic that is indicative of
apresence or imminent presence of a body in the area. In one
embodiment, the controller 130 is configured to cause the
light source device to provide illumination at a first illumi-
nation level when the image data indicates no motion
detected and to provide illumination at a second illumination
level when the image data is indicative of motion, the second
illumination level greater than the first illumination level.

In one embodiment, the non-PIR imager 120 captures a
first image of the area at a first time and captures a second
image of the area at a second time, after the first time, where
each of the first and the second images has a respective
plurality of pixels. The controller 130 then compares the
image data representative of the first and the second images
to detect an appearance or a change between the first and the
second images, thereby detecting movement in the area in
order to adjust illumination level of the light source 110
accordingly. In one embodiment, the controller 130 adjusts
an illumination level of the light source 110 from a first
illumination level to a second illumination level, different
from the first illumination level (e.g., higher than the first
illumination level), when the image data representative of
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the first image and the image data representative of the
second image differ by more than a threshold amount. In an
alternative embodiment, the controller 130 adjusts an illu-
mination level of the light source 110 from the first illumi-
nation level to the second illumination level when the image
data representative of the first image and the image data
representative of the second image differ by more than a
threshold amount and when a quantity of the pixels that have
changed and that are within a threshold distance from one
another is greater than a threshold quantity. Thus, in order
for the controller 130 to determine there is motion in the
area, a sufficient number of pixels need to have changed by
more than a threshold amount in at least one aspect, from the
first image to the second image, and that these pixels need
to be within a threshold distance from one another. This
ensures that motion detection is based on motion of an
object, such as a person or an object caused to move by a
person, and not based on noise in the electrical signals
representative of the pixels, for example.

In one embodiment, the controller 130 is capable of
detecting motion that occurs at a distance of at least 25
meters away from the non-PIR imager 120 using images
captured by the non-PIR imager 120. This allows the illu-
mination system 100 to be installed on a typical 10-meter-
tall light pole and still be able to detect motion that occurs
more than 20 meters from the base of the light pole.

The controller 130 has a memory 132 that may be used to
store data, including the captured images from the non-PIR
imager 120. The memory 132 includes a plurality of
memory areas, such as the memory areas 132a, 1326 and
132¢ shown in FIG. 1, although the memory 132 may have
a different number of memory areas in other embodiments.
In one embodiment, the controller 130 stores in the memory
area 132q a first image captured by the non-PIR imager 120
at a first moment in time, stores in the memory area 1325 a
second image captured by the non-PIR imager 120 at a
second moment in time that is after the first moment in time,
and compares the first and the second images to determine
whether or not there is motion in the area the images of
which is captured by the non-PIR imager 120.

In one embodiment, the motion detection algorithm uti-
lized by the controller 130 determines there is motion in the
area when the data representative of the pixels of the first
image and the data representative of the pixels of the second
image differ by more than a threshold amount in at least one
aspect, such as chrominance or luminance, for example.
When the data representative of the pixels of the first image
and the data representative of the pixels of the second image
differ by less than a threshold amount, indicating no motion
in the area, the controller 130 causes the light source 110 to
illuminate at a first illumination level. When the data rep-
resentative of the pixels of the first image and the data
representative of the pixels of the second image differ by
more than a threshold amount, indicating motion in the area,
the controller 130 causes the light source 110 to illuminate
at a second illumination level that is higher than the first
illumination level. For example, the illumination level of the
light source 110 may be set to a low level, just sufficient for
the non-PIR imager 120 to capture discernible images, when
there is no motion in the area; and when the controller 130
detects motion based on the captured images the illumina-
tion level of the light source 110 may be set to a high level
that is appropriate for the area that is illuminated. In one
embodiment, the first illumination level is approximately
10% of the full illumination rating of the light source 110,
and the second illumination level is approximately the full
illumination rating of the light source 110. Alternatively, the
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first illumination level is a low illumination level that is
determined based on the sensitivity of the particular imaging
device 110 at use, and the second illumination level is an
illumination level higher than the first illumination level.

In an alternative embodiment, the motion detection algo-
rithm determines there is motion in the area based on an
additional criterion. That is, motion is detected not only
because the data representative of the pixels of the first
image and the data representative of the pixels of the second
image differ by more than a threshold amount, but also
because the quantity of the pixels that have changed from the
first image to the second image and that are within a
threshold distance from other pixels that have changed is
greater than a threshold quantity. For example, the locations
of the pixels that have changed by more than the threshold
amount are stored in memory area 132¢. The locations of
such pixels are compared to one another and the quantity of
such pixels is counted to determine whether there is motion
in the area. Thus, in order for the controller 130 to determine
there is motion in the area, a sufficient number of pixels need
to have changed by more than a threshold amount in at least
one aspect, from the first image to the second image, and that
these pixels need to be within a threshold distance from one
another. This ensures that motion detection is based on
motion of an object, such as a person or an object caused to
move by a person, and not based on noise in the electrical
signals representative of the pixels, for example.

The controller 130 is capable of determining a present
time of the day or an ambient light level to adjust the
illumination level of the light source 110 accordingly. In one
embodiment, the controller 130 includes a photosensor 134
that converts sensed electromagnetic energy, such as day-
light or ambient light, into a corresponding electrical signal.
The controller 130 can adjust the sensor gain or sensitivity
of the photosensor 134 in one embodiment. In another
embodiment, the controller 130 includes a real-time clock
136. In yet another embodiment, the controller 130 includes
both the photosensor 134 and the real-time clock 136. The
controller 130 therefore determines whether or not illumi-
nation by the light source 110 is necessary, based on at least
one of the ambient light level sensed by the photosensor 134,
the present time as indicated by the real-time clock 136 and
the gain setting of the non-PIR imager 120, or any combi-
nation thereof. In one embodiment, the light source 110 is
deactivated, or turned OFF, when the controller 130 deter-
mines that the present time is during daylight hours or that
the ambient light level is above an ambient light threshold.

As the controller 130 is capable of determining the
present time of the day, the controller 130 may adjust the
illumination level of the light source 110 based on the
determined present time, motion detection, or both. In one
embodiment, depending on what the present time of the day
is as determined by the controller 130 or what the ambient
light level is, the illumination level of the light source 110
is adjusted accordingly by the controller 130. For example,
the light source 110 may be turned OFF when the present
time is determined to be 11:00 am, at which time illumina-
tion of the area by the light source 110 is usually not
necessary. Further, the illumination level of the light source
110 may be set to a relatively low level when the present
time is determined to be, for example, 4:30 pm, when it
might begin to get dark especially during winter times, and
set to a relatively high level when the present time is
determined to be, for example, 10:00 pm. In another
example, the controller 130 causes the light source 110 to
illuminate at the first illumination level when the ambient
light level is less than the ambient light threshold. The
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controller 130 may store the state of the light source 110,
such as the illumination level, in the memory 132 and
deducts this artificial illumination level from the sensed
ambient light level. This enables the controller 130 to detect
when daylight occurs even if the light source 110 is illumi-
nating at its full illumination rating. When daylight is
determined to be above the ambient light threshold, the
controller 130 may deactivate, or turn OFF, the light source
110 to conserve energy.

In one embodiment, appropriate time delays are added
before the light source 110 is activated or deactivated.
During these delays the state of daylight or night must
remain constant or the controller 130 starts the time delay
again. This suppresses short-term noise events and thereby
avoids the controller 130 from being falsely triggered to
activate the light source 110 due to short-term events such as
vehicle headlights or a transient moving object.

In one embodiment, the controller 130 is programmable
and includes an input port 138 through which a user can
program the controller 130. For example, the time delays
and the various illumination levels of the light source 110 as
adjusted by the controller 130 may be programmed. The
input port 138 may include switches and/or potentiometers
that can be set to program the controller 130. Alternatively,
the input port 138 may include an electrical interface for the
user to remotely program the controller 130 whether through
a wire or wirelessly. In one embodiment, the controller 130
is programmable optically via one or more images captured
by the non-PIR imager 120. In one embodiment, printed
barcode pages are used to set delay times and other param-
eters used by the controller 130. A printed barcode page is
held in the field of view of the non-PIR imager 120, which
captures the image of the barcode, and the controller 130
uses standard barcode decoding software to determine and
store the value represented by the barcode. Any barcode
symbol may be used in this method, including two-dimen-
sional barcodes as commonly used in the package shipping
industry. The controller 130 may also receive a one-bit input
via the input port 138 to activate or deactivate the light
source 110. For example, a binary bit of “0” turns OFF the
light source 110 and a binary bit of “1” turns ON the light
source 110.

In one embodiment, the controller 130 is programmed to
turn ON the light source 110 after dark to illuminate at a high
level for a programmed length of time, two hours for
example, and to decrease the illumination level to a lower
level after the programmed length of time. For example, in
a corporation parking lot setting, illumination of the parking
lot is provided during a period of time after dark when
employees are expected to leave for home and the illumi-
nation is provided independent of or without motion detec-
tion. In another embodiment, the controller 130 is pro-
grammed to cause the light source 110 to illuminate at the
same or a different high level for a programmed length of
time before daylight. For example, illumination of the
parking lot is again provided during a period of time before
daylight when employees are expected to come to work and
the illumination is provided independent of or without
motion detection.

In one embodiment, the controller 130 samples the ambi-
ent light level through the photosensor 134 at specified
intervals to adjust the illumination level of the light source
110 at a predetermined rate that is similar to the rate at which
natural illumination increases as daylight approaches and
decreases as daylight fades away. This prevents the light
source 110 from being turned OFF by accident or intentional
illumination by light sources such as headlamps or flash-
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lights. Such feature renders the illumination system 100
resistant to criminals attempting to deactivate the light
source 110 by the use of artificial light sources. An addi-
tional security feature is the use of the solar time of day to
ensure that the controller 130 will cause the light source 110
to stay ON during night time. The solar time of day may be
provided by the real-time clock 136. Alternatively, the solar
time of day is computed by detecting dusk and dawn on
successive days and setting the 24:00 hour to be at the
middle of the dusk to dawn period. By adjusting the logical
dusk and dawn times with a time constant of many days,
short periods of illumination at night are not falsely detected
as dawn events. In addition, the controller 130 can be
programmed to turn ON the light source 110 at an appro-
priate illumination level. For example, the turn-on illumi-
nation level may be set to 1 foot candle for non-critical
locations and set to 35 foot candles for airports or other
critical areas.

In one embodiment, the non-PIR imager 120 and the
controller 130 are each powered by the same power source
that powers the light source 110, such as commercial or
residential AC power mains. In another embodiment, one or
both of the non-PIR imager 120 and the controller 130 are
each powered by a DC power source, such as a battery. The
controller 130 may contain a power regulator to convert
line-in AC power to a low-voltage DC power to power the
controller 130 and the non-PIR imager 120. Alternatively,
the power regulator may be a part of the illumination system
100 that is separate from the controller 130. The interface to
the non-PIR imager 120 may be a galvanically isolated type,
so that connection to the power mains is isolated for safety
reasons.

In one embodiment, the controller 130 and the non-PIR
imager 120 are integral parts of a semiconductor-based
integrated circuit or chip. In one embodiment, the controller
130 is implemented in the form of a semiconductor-based
integrated circuit. In other embodiments, some parts of the
controller 130 are implemented in the form of semiconduc-
tor-based integrated circuit while other parts of the control-
ler 130 are implemented on printed circuit board.

In one embodiment, the area the images of which are
captured by the non-PIR imager 120 is approximately the
same as the area illuminated by the light source 110. In
another embodiment, the area the images of which are
captured by the non-PIR imager 120 overlaps at least
partially the area illuminated by the light source 110. In yet
another embodiment, the area the images of which are
captured by the non-PIR imager 120 does not overlap the
area illuminated by the light source 110.

In one embodiment, the illumination system 100 further
includes a communication device 140. The communication
device 140 may be coupled to the non-PIR imager 120 or the
controller 130, or both. The communication device 140 is
further coupled to an external data network using protocols
in compliance with any or all of the Ethernet, the RS-485
and wireless communication standards, such as the IEEE
802.11 standards for example. The communication device
40 is used to remotely program the controller 130 in one
embodiment. Alternatively, the communication device 140
is used to transmit the captured images from the non-PIR
imager 120 to a remote user for viewing. In another embodi-
ment, the communication device 140 is used to transmit a
notification signal from the controller 130 indicative of
motion detection to a remote user. In yet another embodi-
ment, the communication device 140 is used to transmit an
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actuation signal from the controller 130 to actuate a device
such as an alarm or an automatic door, for example, upon
detection of motion.

FIG. 2A illustrates a process 200A of controlling a light
source according to one non-limiting illustrated embodi-
ment. At 202, a non-Passive Infrared (non-PIR) imager
images an area to produce image data representative of at
least part of a visible portion of an electromagnetic spec-
trum. At 204, the image data from the non-PIR imager is
processed by a processor to detect at least one ambient
environment characteristic of the area that is indicative of a
movement in the area. At 206, a level of illumination
provided to the area from a light source is adjusted in
response to the detection.

In one embodiment, the level of illumination from the
light source is adjusted from a first illumination level to a
second illumination level that is higher than the first illu-
mination level. For example, at dark a light source is turned
ON to at least the first illumination level that is sufficient to
illuminate the illumination area to allow a non-PIR imager,
such as a video camera or a digital still camera, to detect
motion in its field of view. The field of view of the non-PIR
imager at least partially overlaps the illuminated area. In one
embodiment, the first illumination level is approximately
10% of the full illumination rating of the illumination
device. Alternatively, the first illumination level is a low
illumination level that is determined based on the sensitivity
of the particular non-PIR imager at use. When motion is
detected based on the image data from the non-PIR imager,
the illumination level is increased to the second illumination
level that is appropriate for the area to be illuminated. In one
embodiment, the second illumination level is approximately
the full illumination rating of the illumination device.

In one embodiment, data representative of a first image of
at least a portion of the area at a first time is recorded, and
data representative of a second image of at least a portion of
the area at a second time that is after the first time is also
recorded, when the non-PIR imager images the area. In one
embodiment, when processing the image data from the
non-PIR imager, the processor compares the data represen-
tative of the first image and data representative of the second
image to detect the movement in the area.

In one embodiment, comparing the data representative of
the first and the second images includes determining
whether or not at least a threshold number of pixels in the
first and the second images have changed by at least a
threshold amount in at least one aspect from the first image
to the second image. The comparing of the data represen-
tative of the first and the second images also includes
determining whether or not each of the pixels that have
changed by at least the threshold amount is within a thresh-
old distance from one another.

In one embodiment, data representative of pixels of a first
image of the area at a first time and data representative of
pixels of a second image of the area at a second time that is
after the first time are received when the non-PIR imager
images the area. In one embodiment, the processor compares
the data representative of the pixels of the first image with
the data representative of the pixels of the second image to
identify pixels that have changed in at least one aspect by
more than a threshold amount between the first and the
second images. The processor also determines a quantity of
the pixels that have hanged by more than the threshold
amount and that are within a threshold distance from other
pixels that have changed by more than the threshold amount.
The processor further generates a first signal to indicate
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detection of movement if the quantity of the changed pixels
is greater than a threshold quantity.

FIG. 2B illustrates a process 200B of controlling a light
source according to another non-limiting illustrated embodi-
ment. The process 200B performs the tasks performed by the
process 200A. Additionally, at 208, it is determined whether
a present time is during a period of daylight hours. At 210,
illumination of the area by the light source is terminated
when the present time is determined to be during the period
of daylight hours. Otherwise, the process 200B ends if the
present time is determined to be not during the period of
daylight hours.

Energy conservation can be achieved by turning OFF the
light source during daylight hours when illumination of the
area by artificial illumination is unnecessary. For example,
the area of concern is illuminated at the first illumination
level at dark after daylight hours in order for the light source
to be able to detect motion. When motion is detected,
indicating the possibility of presence of people, the area is
illuminated at the second illumination level, which is
brighter than the first illumination level, so that the illumi-
nated area is bright enough for human activities. During the
daylight hours, however, illumination of the area by a light
source is unnecessary and therefore illumination by the
illumination device is terminated.

In one embodiment, whether or not the present time is
during daylight hours is determined based on an ambient
light level detected by a photosensor. In an alternative
embodiment, whether or not the present time is during
daylight hours is determined based on a present time indi-
cated by a real-time clock. In another embodiment, whether
or not the present time is during daylight hours is determined
based on a gain setting of a non-PIR imager. In another
embodiment, whether or not the present time is during
daylight hours is determined based on the signal level from
the non-PIR imager, such as an NTSC video signal level or
the digital values in a digital camera signal. Alternatively,
whether or not the present time is during daylight hours is
determined based on a combination of any, some or all of an
ambient light level detected by a photosensor, a present time
indicated by a real-time clock, a gain setting of a non-PIR
imager, and the signal level from the non-PIR imager.

FIG. 2C illustrates a process 200C of controlling a light
source according to yet another non-limiting illustrated
embodiment. The process 200C performs the tasks per-
formed by the process 200A. Additionally, at 212, an ambi-
ent light level in the area is determined. At 214, the area is
illuminated at a first level of illumination in response to both
the determined ambient light level in the area being below
an ambient light threshold and that no movement is detected.
At 216, the area is illuminated at a second level of illumi-
nation in response to both the determined ambient light level
in the area being the ambient light threshold and that
movement is detected. At 218, illumination of the area by the
light source is terminated in response to the determined
ambient light level being at least equal to the ambient light
threshold. In one embodiment, the total level of light in the
area is sensed and a current level of illumination being
provided by the light source is deducted from the sensed
total level of light in the area to determine the ambient light
level in the area.

Motion detection based on comparison of images may be
used as a triggering event in a variety of applications. In
some embodiments, motion detection based on comparison
of images of an area may be used to adjust the illumination
of'the area or an adjacent area, such as a parking lot, garage,
hall way, open field, sidewalk, entrance of a building, etc.
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In one embodiment, a notification signal is transmitted
upon detection of movement in the area. In one embodiment,
transmission of the notification signal is via a communica-
tion link based on Ethernet. In an alternative embodiment,
transmission of the notification signal is via a communica-
tion link based on RS-485. In another embodiment, trans-
mission of the notification signal is via a communication
link based on wireless communication standards such as, for
example, the IEEE 802.11 standards or other wireless com-
munication standards used in mobile phone applications. In
yet another embodiment, transmission of the notification
signal is via a communication link based on any combina-
tion of the Ethernet, RS-485, and wireless communication
standards.

In one embodiment, the transmitted notification signal is
used to actuate a device in response to the motion detection.
For example, the notification signal may be used to actuate
a security alarm to provide notification of a potential intru-
sion by uninvited personnel. As another example, the noti-
fication signal may be used to open an automatic door to
allow a visitor to enter a fenced premise. The actuation of a
device may concurrently occur with the adjustment of the
illumination level provided by an illumination device.

Thus, a luminaire with controllable illumination level,
such as the illumination system 100, is disclosed herein and
should greatly improve upon the problems associated with
the conventional approach to automatic control of illumina-
tion level of lighting systems described above. For instance,
the illumination system 100 can detect motion at a distance
of at least 25 meters away. Other than adjusting the illumi-
nation level based on motion detection, the illumination
level can also be adjusted based on the ambient light level
and/or the present time of day. The illumination system 100
can be programmed remotely, for example, optically or
wirelessly. Besides controlling the level of illumination of an
area, the illumination system 100 can also serve as a security
device.

U.S. provisional patent application Ser. No. 61/180,017,
filed May 20, 2009 is incorporated herein by reference, in its
entirety.

The above description of illustrated embodiments, includ-
ing what is described in the Abstract, is not intended to be
exhaustive or to limit the embodiments to the precise forms
disclosed. Although specific embodiments of and examples
are described herein for illustrative purposes, various
equivalent modifications can be made without departing
from the spirit and scope of the disclosure, as will be
recognized by those skilled in the relevant art. The teachings
provided herein of the various embodiments can be applied
to other context, not necessarily the exemplary context of
controlling operations of an illumination system generally
described above.

These and other changes can be made to the embodiments
in light of the above-detailed description. In general, in the
following claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope
of equivalents to which such claims are entitled. Accord-
ingly, the claims are not limited by the disclosure.

We claim:

1. An illumination system, comprising:

a two-dimensional non-Passive Infrared (non-PIR)
imager that produces image data representative of
images of an area, the images of the area acquired
across at least part of a visible portion of an electro-
magnetic spectrum;
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a light source operable to provide at least two levels of
illumination in addition to a zero level of illumination
in at least a portion of the area, wherein a first level of
illumination corresponds to a non-zero level of illumi-
nation and a second level of illumination corresponds
to a higher level of illumination than the first level of
illumination;
a controller communicably coupled to the non-PIR imager
and to a nontransitory storage medium that includes
controller executable instructions which, when
executed by the controller, cause the controller to:
receive data indicative of a dawn event on each of a
plurality of days that precede a current day;

receive data indicative of a dusk event on each of the
plurality of days that precede the current day;

determine a first solar time associated with an expected
dawn event for the current day based on the received
data indicative of the dawn event on each of the
plurality of days that precede the current day;

determine a second solar time associated with an
expected dusk event for the current day based on the
received data indicative of the dusk event on each of
the plurality of days that precede the current day;

logically associate a first period which is indicative of
a daylight period with solar times of the current day
between the first solar time and the second solar time
and a second period which is indicative of a non-
daylight period with solar times of the current day
between the second solar time and the first solar
time;

receive image data from the non-PIR imager;

detect at least one ambient environmental characteristic
of the area indicative of a presence of an object or an
imminent presence of the object in the area based at
least in part on the image data received from the
non-PIR imager;

activate the light source at the first level of illumination
for at least a portion of the second period; and

activate the light source at the second level of illumi-
nation for at least a portion of the second period
responsive to detecting the at least one ambient
environmental characteristic of the area indicative of
the presence of the object in the area or the imminent
presence of the object in the area.

2. The system of claim 1, wherein the controller execut-
able instructions further cause the controller to:

deactivate the light source during at least a portion of the
first period.

3. The system of claim 1, wherein the controller execut-

able instructions further cause the controller to:
responsive to the detection of the presence of the object or
the imminent presence of the object in the area:
determine the second level of illumination for the light
source based at least in part on an ambient level of
illumination;

generate at least one notification signal indicative of the
detected presence of the object or imminent presence
of the object in the area; and

selectively wirelessly transmit the at least one notifi-
cation signal to at least one external device.

4. The illumination system of claim 1, wherein the con-
troller executable instructions that cause the controller to
detect at least one ambient environmental characteristic of
the area indicative of a presence of an object or an imminent
presence of the object in the area based at least in part on the
image data received from the non-PIR imager further cause
the controller to:
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compare image data representative of a first image of the
area stored in the nontransitory storage medium with
image data representative of a subsequently acquired
second image of the area on a pixel-by-pixel basis to
detect the presence of the object or the imminent
presence of the object in the area based on a number of
pixels in the first image and the second image differing
by more than a threshold amount.
5. The illumination system of claim 4, wherein the con-
troller executable instructions that cause the controller to
compare image data representative of a first image of the
area stored in the nontransitory storage medium with image
data representative of a subsequently acquired second image
of the area on a pixel-by-pixel basis to detect the presence
of the object or the imminent presence of the object in the
area further cause the controller to:
compare the image data representative of the first image
of the area stored in the nontransitory storage medium
with the image data representative of the subsequently
acquired second image of the area on a pixel-by-pixel
basis to detect the presence of the object or the immi-
nent presence of the object in the area based at least in
part on a distance between the differing pixels exceed-
ing a threshold distance.
6. The illumination system of claim 1, wherein the con-
troller executable instructions that cause the controller to
receive data indicative of a dawn event on each of a plurality
of days that precede a current day further cause the control-
ler to:
receive, from the non-PIR imager, a gain signal that
includes data indicative of the dawn event on each of
the plurality of days that precede the current day; and

wherein the controller executable instructions that cause
the controller to receive data indicative of a dusk event
on each of the plurality of days that precede the current
day further cause the controller to:

receive, from the non-PIR imager, a gain signal that

includes data indicative of the dusk event on each of the
plurality of days that precede the current day.

7. The illumination system of claim 1, further comprising:

a photosensor communicably coupled to the controller;

wherein the controller executable instructions that cause

the controller to receive data indicative of a dawn event

on each of a plurality of days that precede the current

day further cause the controller to:

receive, from the photosensor, a signal that includes
data representative of an ambient level of illumina-
tion in the area corresponding to the dawn event on
each of the plurality of days that precede the current
day; and

wherein the controller executable instructions that cause

the controller to receive data indicative of a dusk event

on each of the plurality of days that precede the current

day further cause the controller to:

receive, from the photosensor, a signal that includes
data representative of an ambient level of illumina-
tion in the area corresponding to the dusk event on
each of the plurality of days that precede the current
day.

8. The illumination system of claim 1, further comprising:

a real time clock communicably coupled to the controller

to provide a clock signal representative of a solar time
of the current day to the controller;

wherein the controller executable instructions that cause

the controller to receive data indicative of a dawn event
on each of the plurality of days that precede the current
day further cause the controller to:
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receive, from the real time clock, a clock signal corre-
sponding the dawn event on each of the plurality of
days that precede the current day; and

wherein the controller executable instructions that cause

the controller to receive data indicative of a dusk event

on each of the plurality of days that precede the current

day further cause the controller to:

receive, from the photosensor, a signal that includes
data representative of an ambient level of illumina-
tion in the area corresponding to the dusk event on
each of the plurality of days that precede the current
day.

9. The illumination system of claim 1, wherein the non-
PIR imager comprises at least one of a solid-state camera or
a digital still.

10. The illumination system of claim 1, wherein an area
illuminated by the light source is at least approximately
coincident with the area imaged by the non-PIR imager.

11. The illumination system of claim 1, wherein the
controller executable instructions further cause the control-
ler to:

delay the activation of the light source at either the first

level of illumination or the second level of illumination
for a second defined duration immediately subsequent
to the second solar time of day.

12. A method of controlling a light source, the method
comprising:

receiving, by the controller, data indicative of a dusk

event on each of a plurality of days that precede a
current day;

receiving, by the controller, data indicative of a dawn

event on each of the plurality of days that precede a
current day;
determining, by the controller, a first solar time associated
with an expected dusk event for the current day based
at least in part received data indicative of the dusk event
on each of the plurality of days that precede the current
day;
determining, by the controller, a first solar time associated
with a dawn event for the current day based at least in
part received data indicative of the dawn event on each
of the plurality of days that precede the current day;

logically associating, in a non-transitory storage medium
communicably coupled to the controller, a first period
indicative of a daylight period with solar times of the
current day between the first solar time and the second
solar time; and, a second period indicative of a non-
daylight period with solar times of the current day
between the second solar time and the first solar time;

receiving, by the controller from a non-Passive Infrared
(non-PIR) imager, image data representative of an
image of an area, the image data acquired by the
non-PIR imager using at least a portion of a visible
electromagnetic spectrum;

detecting, by the controller, at least one ambient environ-

mental characteristic of the area indicative of a pres-
ence of an object in the area or an imminent presence
of the object in the area using the received image data;
and

controlling operation of a light source communicably

coupled to the controller by:

activating the light source at a first level of illumination
that is greater than a zero-level of illumination for at
least a portion of the second period; and

activating the light source at a second level of illumi-
nation that is greater than the first level of illumina-
tion for at least a portion of the second period
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responsive to detecting the at least one ambient
environmental characteristic indicative of the pres-
ence of the object in the area or the imminent
presence of the object in the area.

13. The method of controlling a light source of claim 12,
further comprising:

deactivating the light source for at least a portion of the

first period.

14. The method of controlling a light source of claim 12,
further comprising:

responsive to detecting the presence of the object or the

imminent presence of the object in the area:

determining, by the controller, the second level of
illumination based at least in part on an ambient level
of illumination;

generating, by the controller, at least one notification
signal indicative of the detected presence of the
object in the area or imminent presence of the object
in the area; and

selectively wirelessly transmitting, via a communica-
tions interface communicably coupled to the con-
troller, at least one notification signal to at least one
external device.

15. The method of controlling a light source of claim 12,
wherein detecting at least one ambient environmental char-
acteristic indicative of a presence of an object in the area or
an imminent presence of the object in the area using the
received image data comprises:

comparing, by the controller, image data representative of

a first image of the area stored in the non-transitory
storage medium and image data representative of a
subsequently acquired second image of the area to
detect a presence of the object in the area or an
imminent presence of the object in the area based on
differences in the image data representative of the first
image and the image data representative of the subse-
quently acquired second image.

16. The method of controlling a light source of claim 15,
wherein comparing the image data representative of the first
image of the area stored in the non-transitory storage
medium and the image data representative of the subse-
quently acquired second image of the area to detect a
presence of the object in the area or an imminent presence
of the object in the area further comprises:

comparing, by the controller, the image data representa-

tive of the first image of the area stored in the non-
transitory storage medium with the image data repre-
sentative of the subsequently acquired second image of
the area on a pixel-by-pixel basis to detect the presence
of the object in the area or the imminent presence of the
object in the area based on a number of pixels in the
first image and the second image that differ by more
than a threshold amount.

17. The method of controlling a light source of claim 16,
wherein comparing the image data representative of the first
image of the area stored in the non-transitory storage
medium and the image data representative of the subse-
quently acquired second image of the area to detect the
presence of an object in the area or the imminent presence
of the object in the area further comprises:

comparing, by the controller, the image data representa-

tive of the first image of the area stored in the non-
transitory storage medium with the image data repre-
sentative of the subsequently acquired second image of
the area on a pixel-by-pixel basis to detect the presence
of the object in the area or the imminent presence of the
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object in the area based on a distance between the
differing pixels exceeding a threshold distance.
18. The method of controlling a light source of claim 12,
wherein receiving data indicative of a dawn event on each of
a plurality of days that precede a current day comprises:
receiving, by the controller from a communicably coupled
non-Passive Infrared (non-PIR) imager, a gain signal
that includes data indicative of the dawn event on each
of the plurality of days that precede the current day; and

wherein receiving data indicative of a dusk event on each
of the plurality of days that precede the current day
comprises:

receiving, by the controller from the communicably

coupled non-Passive Infrared (non-PIR) imager, a gain
signal that includes data indicative of the dusk event on
each of the plurality of days that precede the current
day.

19. The method of controlling a light source of claim 12,
wherein receiving data indicative of a dawn event on each of
a plurality of days that precede a current day comprises:

receiving, by the controller from a communicably coupled

photosensor, a signal that includes data representative
of an ambient level of illumination in the area corre-
sponding to the dawn event on each of the plurality of
days that precede the current day; and

wherein receiving data indicative of a dusk event on each

of the plurality of days that precede the current day
comprises:

receiving, by the controller from the communicably

coupled photosensor, a signal that includes data repre-
sentative of an ambient level of illumination in the area
corresponding to the dusk event on each of the plurality
of days that precede the current day.

20. The method of controlling a light source of claim 12,
wherein receiving data indicative of a dawn event on each of
a plurality of days that precede a current day comprises:

receiving, by the controller from a communicably coupled

real time clock, a clock signal corresponding the dawn
event on each of the plurality of days that precede the
current day; and

wherein receiving data indicative of a dusk event on each

of the plurality of days that precede the current day
comprises:

receiving, by the controller from the communicably

coupled real time clock, a clock signal corresponding
the dusk event on each of the plurality of days that
precede the current day.

21. The method of controlling a light source of claim 12,
further comprising:

delaying activation of the light source at either the first

level of illumination or the second level of illumination
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for a second defined duration immediately subsequent
to the second solar time of day.

22. A lighting system controller, comprising:

at least one processor;

a nontransitory storage medium communicably coupled
to the at least one processor that includes processor-
executable instructions, which when executed cause the
at least one processor to:

receive data indicative of a dawn event on each of a
plurality of days that precede a current day;

receive data indicative of a dusk event on each of the
plurality of days that precede the current day;

determine, based at least in part on the received data
indicative of the dawn event on each of the plurality of
days that precede the current day, a first solar time
associated with a dawn event for the current day;

determine, based at least in part on the received data
indicative of the dusk event on each of the plurality of
days that precede the current day, a second solar time
associated with a dusk event for the current day;

logically associate, in the non-transitory storage medium,
a first period that is indicative of a daylight period with
solar times of the current day between the first solar
time and the second solar time; and, a second period
which is indicative of a non-daylight period with solar
times of the current day between the second solar time
and the first solar time;

detect, based at least in part on image data representative
of a plurality of images of an area across at least part
of a visible portion of an electromagnetic spectrum that
are received from a communicably coupled non-PIR
imager, at least one ambient environmental character-
istic indicative of a presence of an object in the area or
an imminent presence of the object in the area;

activate the communicably coupled light source at a first
level of illumination that is greater than a zero-level of
illumination for at least a portion of the second period;
and

responsive to detecting the at least one environmental
characteristic indicative of the presence of the object in
the area or the imminent presence of the object in the
area, activate the communicably coupled light source at
a second level of illumination that is greater than the
first level of illumination for at least a portion of the
second period.

23. The lighting system controller of claim 22, further
comprising processor-executable instructions, which when
executed further cause the at least one processor to:

deactivate a communicably coupled light source for at
least a portion of the first period.
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